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(57) ABSTRACT 

The present invention is a method and an apparatus for pre 
dicting future travel times over a transportation network. In 
one embodiment, a method for predicting future travel times 
over a transportation network includes receiving a data point 
indicating a real-time volume of tra?ic on the link at a given 
time and updating a template representative of an observed 
traf?c pattern on the link in accordance with the received data 
point. A future travel time over the link can then be estimated 
in accordance with the updated template. Thus, the template 
is able to adapt to dynamically changing traf?c patterns, 
taking these changing traf?c patterns into account when mak 
ing predictions of future traf?c patterns. 
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METHOD AND APPARATUS FOR 
PREDICTING FUTURE TRAVEL TIMES 
OVER A TRANSPORTATION NETWORK 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

This application is a continuation of US. patent applica 
tion Ser. No. 11/052,309, ?led Feb. 7, 2005, now US. Pat. No. 
7,363,144 Which is herein incorporated by reference in its 
entirety. 

BACKGROUND 

The invention relates generally to transportation netWorks, 
and relates more particularly to the incorporation of dynamic 
data in transportation netWork calculations. 

FIG. 1 is a schematic diagram illustrating a typical large 
area transportation netWork 100. The transportation netWork 
100 comprises a plurality of urban metropolitan areas 102 1 
102N (hereinafter collectively referred to as “metropolitan 
areas 102), toWns 104l-104N (hereinafter collectively 
referred to as “toWns 104”) and inter-urban and/ or rural areas 
(generally designated 1 06) situated betWeen the metropolitan 
areas 102 and toWns 104. The metropolitan areas 102, toWns 
104 and inter-urban/rural areas 106 that comprise the trans 
portation netWork 100 may span a large geographical area 
(e. g., comprising a plurality of cities, states, regions or coun 
tries). 
When traveling betWeen locations in a transportation net 

Work, it is typically desirable to identify a shortest path, or 
best (e.g., fastest) route, to travel from an origin to a destina 
tion. Conventional applications such as internet mapping and 
vehicle navigation systems typically compute this best route 
based on static, non-state-dependent data about links in the 
transportation netWork (e.g., speed limits, numbers of lanes, 
average loads). 
A problem With this approach is that dynamic, state-depen 

dent data that may in?uence travel time (e.g., current tra?ic 
conditions or other environmental factors) is not accounted 
for. Thus, a computed route may not, in fact, be the best route 
at a given time. Although some methods currently exist that 
do account for current traf?c states, these existing methods 
are computationally intensive and limited to small or moder 
ately-siZed geographic areas. They are thus di?icult to scale 
to larger, geographically heterogeneous transportation net 
Works (such as the transportation netWork 100). 

Thus, there is a need for a method and apparatus for pre 
dicting future travel times over a transportation netWork. 

SUMMARY OF THE INVENTION 

The present invention is a method and an apparatus for 
predicting future travel times over a transportation netWork. 
In one embodiment, a method for predicting future travel 
times over a transportation netWork includes receiving a data 
point indicating a real-time volume of traf?c on the link at a 
given time and updating a template representative of an 
observed traf?c pattern on the link in accordance With the 
received data point. A future travel time over the link can then 
be estimated in accordance With the updated template. Thus, 
the template is able to adapt to dynamically changing tra?ic 
patterns, taking these changing tra?ic patterns into account 
When making predictions of future traf?c patterns. 

BRIEF DESCRIPTION OF THE DRAWINGS 

So that the manner in Which the above recited embodi 
ments of the invention are attained and can be understood in 
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2 
detail, a more particular description of the invention, brie?y 
summariZed above, may be obtained by reference to the 
embodiments thereof Which are illustrated in the appended 
draWings. It is to be noted, hoWever, that the appended draW 
ings illustrate only typical embodiments of this invention and 
are therefore not to be considered limiting of its scope, for the 
invention may admit to other equally effective embodiments. 

FIG. 1 is a schematic diagram illustrating a typical large 
area transportation netWork; 

FIG. 2 is a ?oW diagram illustrating one embodiment of a 
method for end-to-end route prediction using state-dependent 
data, according to the present invention; 

FIG. 3 is a ?oW diagram illustrating one embodiment of a 
method for generating travel time predictions for at least one 
Zone of a transportation netWork; 

FIG. 4 is a ?oW diagram illustrating one embodiment of a 
template-based method for future travel time predictions; 

FIG. 5 is a graph illustrating one embodiment of a template 
for use in accordance With the method; 

FIG. 6 is a ?oW diagram illustrating one embodiment of a 
method for estimating real-time travel times in a transporta 
tion netWork based on limited real-time data; 

FIG. 7 is a schematic diagram illustrating one embodiment 
of an exemplary transportation netWork including a plurality 
of links and nodes, as Well as a park or public space; and 

FIG. 8 is a high level block diagram of the present route 
generation system that is implemented using a general pur 
pose computing device. 

To facilitate understanding, identical reference numerals 
have been used, Where possible, to designate identical ele 
ments that are common to the ?gures. 

DETAILED DESCRIPTION 

In one embodiment, the present invention is a method and 
apparatus for end-to-end travel time estimation using 
dynamic traf?c data. Embodiments of the present invention 
account for real-time, state-dependent data in order to provide 
more accurate end-to-end estimates and predictions (e. g., 
shortest paths or best routes) for transportation netWorks, 
including Wide-area, spatially heterogeneous transportation 
netWorks. Thus, embodiments of the present invention may 
be implemented to advantage in applications such as internet 
mapping, route guidance, in-vehicle or on-board navigation, 
?eet routing (e. g., for major carriers or the military) and the 
like. 
As used herein, the terms “shortest path” or “best route” 

refer to one or more individual links (e.g., road segments) in 
a transportation netWork that connect a designated point of 
origin to a designated destination. Speci?cally, a shortest path 
or best route represents the series of links that, if traveled, are 
expected to alloW one to travel from the origin to the destina 
tion in the least amount of time (e.g., as compared With 
alternate paths or routes). 

In essence, the methods and apparatuses of the present 
invention process a plurality of static and dynamic inputs, 
including link load estimates, current or real-time streaming 
traf?c condition data (e.g., from one or more sources includ 
ing but not limited to tra?ic sensors, induction loops, video 
feeds, cellular telephones and Global Positioning Systems 
(GPS)), (computed) statistical tra?ic patterns, real-time envi 
ronmental data (e.g., Weather conditions), radio-based real 
time incident data (e. g., data pertaining to events and Weather 
conditions, including tra?ic and accident reports), (com 
puted) static origin-destination (O-D) matrices and static 
maps (e.g., digital maps), in order to identify a best route from 
an origin to a destination in the transportation netWork. 
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FIG. 2 is a How diagram illustrating one embodiment of a 
method 200 for end-to-end route prediction using state-de 
pendent data, according to the present invention. The method 
200 may be implemented, for example, by an intemet map 
ping or vehicle navigation system to generate a best route 
betWeen tWo transportation netWork endpoints (e.g., an origin 
and a destination) at a given time. 

The method 200 is initialized at step 202 and proceeds to 
step 204, Where the method 200 receives, e.g., from a user, a 
speci?ed origin and a speci?ed destination in the transporta 
tion netWork under consideration. 

The method 200 then proceeds to step 206 and generates 
netWork-Wide loads (e.g., numbers of vehicles per units of 
time) for the entire urban and regional Zones of the transpor 
tation netWork, including highWays (e.g., higher-density 
Zones for Which real-time tra?ic data feeds are typically avail 
able). In one embodiment, these loads are generated in accor 
dance With a ?ne- or medium-grained static (non-state-de 
pendent) or dynamic ?ne load-generation technique (e.g., a 
technique suitable for assessing regions of ?ne- or medium 
grained spatial dimension). For example, in one embodiment, 
the loads are generated in accordance With at least one of: 
static or dynamic traf?c assignment, queuing netWorks, simu 
lation (e.g., as typically used for modeling urban area tra?ic 
?oWs), probabilistic local techniques and How propagation. 
In one embodiment, the loads are generated in accordance 
With at least one input relating to the static or dynamic char 
acteristics of Zones under consideration, such as: current or 
real-time tra?ic condition data, real -time environmental data 
(e. g., Weather conditions), radio-based real-time incident data 
(e. g., tra?ic and accident reports), (computed) statistical traf 
?c patterns, (computed) static origin-destination (O-D) 
matrices and static maps (e.g., digital maps). 

In step 208, the method 200 generates travel time predic 
tions for the entire inter-urban and rural Zones of the trans 
portation netWork under consideration (e.g., loWer-density 
Zones for Which real-time tra?ic data feeds may not be avail 
able) based on the static or dynamic netWork-Wide data 
obtained or estimated in step 206. In one embodiment, these 
predictions are generated in accordance With a coarse-grained 
load-generation technique (e.g., a technique suitable for 
assessing regions of coarse-grained spatial dimension). For 
example, in one embodiment, the travel times are generated in 
accordance With at least one of: template methods (e.g., as 
used in predicting the medium and long-term future), statis 
tical traf?c classi?cation, traf?c assignment, simulation and 
probabilistic local techniques. In one embodiment, the loads 
are generated in accordance With at least one input relating to 
the static or dynamic characteristics of Zones under consid 
eration, such as: current or real-time traf?c condition data, 
real-time environmental data (e.g., Weather conditions), 
radio-based real-time incident data (e.g., tra?ic and accident 
reports), (computed) statistical traf?c patterns, (computed) 
static origin-destination (O-D) matrices and static maps (e.g., 
digital maps). 

The method 200 then proceeds to step 210 and obtains 
real-time data, Where available, Which is then incorporated 
into the current-time-step load computations generated in 
steps 206 and 208. In one embodiment, real-time data is not 
available for all Zones of the transportation netWork. In one 
embodiment, the obtained real-time data includes at least one 
of: current or real-time tra?ic condition data, real-time envi 
ronmental data and radio -based real-time incident data. 

In step 212, the method 200 combines the generated load 
data for all Zones in the transportation netWork under consid 
eration. In one embodiment, this combination of load data 
includes converting all loads to travel times. In one embodi 
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4 
ment, this conversion is performed in accordance With at least 
one analytic model. In another embodiment, the information 
may remain as units of load (e.g., ?oW or density). 
The method 200 then proceeds to step 214 and, Where the 

combined load data has been converted to units of travel time, 
scales the computed travel times in accordance With any 
relevant incidents or occurrences (e.g., events and Weather 
conditions) that may affect travel times through the transpor 
tation netWork under consideration (e. g., accidents, construc 
tion, special events or occurrences at points of interest in the 
transportation netWork, Weather and the like). In this Way, 
more accurate, real-time travel times can be estimated. 
The method 200 then proceeds to step 216 and identi?es at 

least one best route in accordance With the scaled travel times. 
In one embodiment, the best route identi?ed by the method 
200 is the set of links (road segments) betWeen the speci?ed 
origin and speci?ed destination over Which travel time is 
expected to be the shortest (e. g., accounting for both the static 
and dynamic transportation netWork data). 
The method 200 terminates in step 218. 
The method 200 is thus capable of processing a plurality of 

different types of data relating to static and dynamic trans 
portation netWork characteristics in order to estimate travel 
times through the transportation netWork. The method 200 is 
designed to take advantage of real -time, state-dependent data, 
Where available for a given Zone or link, as Well as to maxi 
miZe the use of static, non state-dependent data When real 
time data is not available. Thus, the method 200 produces a 
more accurate current travel time estimate than conventional 
route planning techniques. Moreover, although the method 
200 has been described in the context of calculating a best 
route for an explicit route request (e. g., between a given origin 
and a given destination, as received in step 202), those skilled 
in the art Will appreciate that steps 206-214 of the method 200 
may be implemented independent of any speci?c route 
request, e.g., in order to maintain up-to-date information 
about the transportation netWork for future route requests. 

FIG. 3 is a How diagram illustrating one embodiment of a 
method 300 for generating travel time predictions for at least 
one Zone of a transportation netWork, e.g., in accordance With 
steps 206 and/or 208 of the method 200. The method 300 is 
initialiZed at step 302 and proceeds to step 304, Where the 
method 300 computes the estimated travel time over a given 
link in the Zone, e.g., in accordance With observed (current) or 
predicted (future) tra?ic patterns over the link. This estima 
tion may be computed in accordance With any of the methods 
described above, or in accordance With a template-based sta 
ti stical method described in further detail With respect to FIG. 
4. 
Once the estimated travel time has been computed for the 

link, the method 300 proceeds to step 306 and updates a total 
travel time estimate for at least one route including the link. 
The method 300 then returns to step 304 and proceeds as 
described above, this time computing the estimated travel 
time over a second link in the transportation netWork. This 
iterative process is repeated on a link-by-link basis to obtain 
a total estimated travel time for a route comprising one or 
more links. 

FIG. 4 is a How diagram illustrating one embodiment of a 
template-based method 400 for future travel time predictions, 
e. g., for use in accordance With the method 3 00 (and therefore 
steps 206 and/or 208 of the method 200). Speci?cally, in one 
embodiment, the method 400 identi?es, on a link-by-link 
basis, the tra?ic state characteristics (e.g., speed, volume, 
etc.) that best characteriZe the progression of that tra?ic state 
into the future. Predictions of future travel times over a given 
link are then made in accordance With the observed traf?c 
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state (e.g., “peak Weekday traf?c volumes typically occur 
between 8:00 AM and 9:00 AM”). Although the method 400 
Will be described in the context of predicting travel times for 
inter-urban and rural Zones, those skilled in the art Will appre 
ciate that the method 400 may also used to predict travel times 
for urban Zones as Well. 

The method 400 is initialiZed at step 402 and proceeds to 
step 404, Where the method 400 initialiZes a template that Will 
re?ect a repeating behavior of a traf?c pattern on a given link 
of the transportation network. In one embodiment, the tem 
plate maps tra?ic volume (e. g., numbers of vehicles per unit 
of time) over a given link versus time, in order to illustrate a 
tra?ic pattern. This pattern may represent daily, Weekly, 
monthly, or yearly behavior, or may be tailored over any other 
useful time horiZon. For example, a template representing a 
daily traf?c pattern for a link could comprise tWenty-four data 
points (one for each hour of the day) t(0), . . . , t(23) such that 

t(0)+ . . . +t(23):l. In one embodiment, t(0) represents mid 
night of a given day. From this information, an estimate of 
travel time over the link at a given time in the future can be 
derived. 

Moreover, templates representing multiple time horizons 
may be maintained for a single link. In one embodiment, the 
template initialiZed in step 402 is associated With an initial 
iZed traf?c volume of Zero, e.g., the initialiZed template con 
tains no data. Thus, in the example of a daily template above, 
the template is initialiZed such that t(0), . . . , t(23):l/ 24, 

v(0):0 and i:0, Where v(i) is the estimate, at time t(i), of the 
total traf?c volume over tWenty-four hours, based on infor 
mation up to time t(i-l). 

In step 406, the method 400 receives a data point for incor 
poration in the template. The data point represents, for 
example, real-time tra?ic volume at a given time on the link 
for Which the template is generated. In one embodiment, the 
data point is a point in an incoming data stream (e.g., Where a 
neW data point is received every hour). For example, the data 
stream could represent the number of vehicles, x, passing by 
a particular marking point on the link, such that a received 
data points represents x(i), or the number of vehicles passing 
the marking point at time t(i). 

The method 400 then proceeds to step 408 and updates the 
current volume estimate for the given time in accordance With 
the received data point. In one embodiment, the current vol 
ume estimate is updated in accordance With a moving average 
(e. g., an exponentially Weighted moving average) that 
smoothes out j itters in received data and captures gradual data 
shifts. For example, folloWing the exemplary embodiment of 
the daily template above, an update of the current volume 
estimate in accordance With step 408 could involve setting 

Where 0t is a free variable representing the level of sensitivity 
of the method 400 and has a value betWeen Zero and one. In 

one embodiment, a has a value betWeen 0.4 and 07. The larger 
the value of ot, the less sensitive and the more adaptive to 
changing tra?ic patterns the method 400 is. 

In step 410, the method 400 generates a prediction p(i, j) for 
the number of vehicles that are expected to pass the marking 
point at a future time t(i+j), in accordance With the updated 
volume estimate. In one embodiment, the prediction p(i, j) is 
generated such that p(i, j)q/(i+l)t((i+j) %24). Thus, the pre 
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diction p(i, j) is based on observed information (e.g., traf?c 
volumes) up to time t(i), at Which the prediction p(i, j) is 
generated. 
The method 400 then proceeds to step 412 and updates the 

current template estimate in accordance With the generated 
predictions p(i, j) (i.e., computed statistical tra?ic patterns) 
and one or more maps of the transportation netWork including 
the link. The template estimate is an estimate of the traf?c 
pattern over time (such as an increasing pattern in the mom 
ing hours and a decreasing pattern after the evening rush 
hours). The template t(i) is normalized, as discussed above, so 
that the sum of t(0)+t(l)+ . . . +t(24) is equal to one. In one 

embodiment, the current template estimate is updated in 
accordance With a moving average (e.g., an exponentially 
Weighted moving average) that smoothes out jitters in 
received data and captures gradual data shifts. For example, 
folloWing the exemplary embodiment of the daily template 
above, an update of the current template estimate in accor 
dance With step 412 could involve setting 

Where [3, like 0t, is a free variable representing the level of 
sensitivity of the method 400 and has a value betWeen Zero 
and one. In one embodiment, [3 has a value betWeen 0.4 and 
07. The larger the value of [3, the less sensitive and the more 
adaptive to changing tra?ic patterns the method 400 is. 
The method 400 then returns to step 406, Where the method 

400 receives a neW data point (e.g., Where i:i+l) and pro 
ceeds as described above in order to adapt the template to 
ongoing tra?ic volumes on the link. Thus, the generated travel 
time estimates are a function of both the composition of the 
template and the ongoing tra?ic volume. The method 400 
may be repeated link-by-link for each link in the transporta 
tion netWork. 
The method 400 therefore learns from past observed traf?c 

patterns and is re?ned over time using real-time data (e.g., 
Without user input). The method 400 is thus capable of 
quickly catching up With shifts in trends or tra?ic patterns. 
This is especially signi?cant, for example, Where an overall 
traf?c volume may shift up or increase in relation to a general 
observed pattern for a particular day. The method 400 can 
quickly detect this increase in volume as it develops and 
adjust predictions for future periods accordingly. Thus, by 
making use of observed, time-dependent state data in future 
predictions (as opposed to using average values), more accu 
rate predictions can be generated. In some embodiments, the 
method 400 is particularly effective in predicting short-, 
medium- and long-term future conditions. 

FIG. 5 is a graph illustrating one embodiment of a template 
500 for use in accordance With the method 400. As described 
above, in one embodiment, the template 500 maps traf?c 
volume (e.g., numbers of cars per unit of time) over a given 
link versus time (e.g., approximately three days in the case of 
FIG. 5). Thus, the template may be marked by peaks 502 1 
502n (hereinafter collectively referred to as “peaks 502”) 
Where the tra?ic volume is greatest (e.g., such as during 
morning or afternoon rush hours), plateaus 5041-504” (here 
inafter collectively referred to as “plateaus 504”) Where tra?ic 
volume remains relatively constant (e.g., betWeen morning 
and afternoon rush hours), and valleys 506 1 -506n (hereinafter 
collectively referred to as “valleys 506”) Where tra?ic volume 
is lightest. 
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As described above, the template 500 thus enables the 
prediction of future tra?ic patterns or volumes over a link at a 
given time based on historical traf?c volumes over the same 
link. Real-time data may be incorporated in the template 500 
as the data is received, in order to quickly identify tra?ic 
patterns that may deviate from the historical norm and to 
predict the effects of these changing tra?ic patterns into the 
future. 

FIG. 6 is a How diagram illustrating one embodiment of a 
method 600 for estimating real-time travel times in a trans 
portation netWork based on limited real-time data, e.g., for 
use in accordance With steps 206 and/or 208 of the method 
200. Speci?cally, in one embodiment, the method 600 esti 
mates travel times over links in the transportation netWork for 
Which link-speci?c real-time data is not available. Although 
the method 600 Will be described in the context of predicting 
travel times for urban Zones, those skilled in the art Will 
appreciate that the method 600 may also used to predict travel 
times for inter-urban and rural Zones as Well. 

The method 600 is initialiZed at step 602 and proceeds to 
step 604, Where the method 600 receives one or more static or 
dynamic parameters of the transportation netWork (e. g., links, 
nodes or intersections of tWo or more links, free-?oW speeds 
and likely origins and destinations such as parking garages, 
on-street parking spots and other points of interest). 

The method 600 then proceeds to step 606 and obtains at 
least one set of link ?oWs over the entire transportation net 
Work. In one embodiment, more than one set of link ?oWs for 
the entire transportation netWork may be obtained, such as 
one set of link ?oWs for peak periods and one set of link ?oWs 
for off-peak periods, or one set of link ?oWs for a Weekday 
and one set of link flows for Weekends, or separate sets of link 
?oWs for different time periods over a typical day or Week. 

In one embodiment, the link ?oWs may be derived from at 
least one origin-destination (O-D) trip table (e.g., via trip 
assignment). In one embodiment, these O-D trip tables are 
static tables for an average time period on an average day and 
can be obtained, for example, from the associated metropoli 
tan planning organization. In another embodiment, the 0-D 
trip tables may be time-dependent, or may represent peak or 
off-peak times, Weekday versus Weekend, or may be hourly, 
etc. If the link ?oWs are to be derived from one or more O-D 

trip tables, then the method 600 computes a tra?ic assignment 
for each O-D trip table. In one embodiment, this tra?ic 
assignment is computed in accordance With a one-period 
tra?ic assignment method, such as a knoWn traf?c assignment 
method. From each traf?c assignment, the method 600 can 
then obtain link ?oWs for all links in the transportation net 
Work for the average time period in Which the 0-D trip table 
is valid. 

In step 608, the method 600 uses the link ?oWs to determine 
the splitting probabilities at each node in the transportation 
netWork, from each incoming link. A splitting probability 
refers to the percentages of vehicles that go left, right and 
straight through a given node or intersection. For example, the 
average case for a given node may dictate that sixty percent of 
tra?ic arriving at the node goes straight, thirty percent of the 
tra?ic turns right, and ten percent of the tra?ic turns left. This 
information is computed and stored for each node in the 
transportation data, in accordance With the node’s average 
case data (e. g., as obtained from one or more sets of link ?oWs 

or one or more O-D trip tables). 
The method 600 then proceeds to step 610 and receives a 

real-time data feed associated With a given link in the trans 
portation netWork (e.g., relating to current tra?ic volume, 
?oW or speed over the link). This real-time data feed may be 
received from, for example, a sensor (e. g., a motion sensor, a 
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8 
camera or other real-time data collection mechanism) placed 
on the link. In one embodiment, such real-time data feeds are 
available only for a limited number of links in the transpor 
tation netWork. If the real-time data feed is received in speed 
units, the method 600 converts the value to How units. 

In step 612, the method 600 applies the real-time ?oWs to 
the computed splitting percentages for each node and propa 
gates the real-time ?oWs throughout the transportation net 
Work, in order to estimate the real-time volumes on the links 
of the transportation netWork. In one embodiment, the real 
time ?oWs are applied to the computed splitting probabilities 
in accordance With one or more How balance equations. In 
one embodiment, this is done using a set of netWork ?oWs that 
closely resembles the current time period. 
The method 600 then proceeds to step 614 and applies one 

or more special techniques to account for absorption (e.g., for 
different types of parking garages, parking meters, points of 
interest, etc. in the transportation netWork that may absorb 
some of the traf?c How on certain links). In one embodiment, 
absorption is accounted for by deducting a ?xed or variable 
percentage or absolute quantity of load (e.g., ?oW or density) 
from the link load at one or more relevant time periods, Where 
the quantity deducted depends on the nature of the attraction 
points on the link (e.g., parking garages, points of interest, 
etc.) and the time of day, day of Week, etc. For example, load 
is typically absorbed from a link load When vehicles enter a 
parking garage on the link. In an analogous manner, traf?c 
generation may be accounted for on those or other links by 
augmenting the load (e.g., ?oW or density) on the link in 
accordance With the time of day, day of Week, etc. and the 
nature of attraction points on the link. For example, load is 
typically augmented on a link When vehicles exit a parking 
garage on the link at the end of the Work day. In one embodi 
ment, absorption and origin states are changeable over time, 
for example as parking rules change during the day. 

In optional step 616 (illustrated in phantom), the method 
600 determines Whether inconsistent How is exhibited on any 
link in the transportation netWork and, if so, generates a 
mega-node (e. g., an arti?cial node representingiand merg 
ing or combining the characteristics OfiIWO or more net 
Work nodes, and suppressing the links betWeen those netWork 
nodes) incorporating that link. This mega-node is generated 
dynamically using only observed, real-time ?oWs. The 
method 600 then determines the updated splitting probabili 
ties for the mega-node and applies these splitting probabili 
ties to the inconsistent link How. 
The method 600 then returns to step 608 and proceeds as 

described above for a next node in the transportation netWork. 
FIG. 7 is a schematic diagram illustrating one embodiment 

of an exemplary transportation netWork 700 including a plu 
rality of links 702 and nodes 704, as Well as a park or public 
space 706.As further illustrated, some, but not all, of the links 
702 are associated With sensors 708 (illustrated as darkened 
links 702) that provide real-time data feed of current tra?ic 
volume, ?oW or speed over the associated link 702. 
As illustrated, a sensor 708 placed along the link 702' may 

observe a real-time tra?ic ?oW over the link 702' of approxi 
mately 15 vehicles per second. Moreover, the splitting prob 
abilities for a node 704' including the link 702' may be com 
puted such that tWenty percent of the traf?c ?oW from the link 
702' is expected to go straight through the node 704' and forty 
percent of the traf?c ?oW from the link 702' is expected to turn 
left at the node 704'. 

FIG. 8 is a high level block diagram of the present route 
generation system that is implemented using a general pur 
pose computing device 800. In one embodiment, a general 
purpose computing device 800 comprises a processor 802, a 
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memory 804, a route generator or module 805 and various 
input/output (I/O) devices 806 such as a display, a keyboard, 
a mouse, a modem, and the like. In one embodiment, at least 
one l/O device is a storage device (e.g., a disk drive, an optical 
disk drive, a ?oppy disk drive). It should be understood that 
the route generator 805 can be implemented as a physical 
device or subsystem that is coupled to a processor through a 
communication channel. 

Alternatively, the route generator 805 can be represented 
by one or more softWare applications (or even a combination 
of softWare and hardWare, e.g., using Application Speci?c 
Integrated Circuits (ASIC)), Where the softWare is loaded 
from a storage medium (e.g., I/O devices 806) and operated 
by the processor 802 in the memory 804 of the general pur 
pose computing device 800. Thus, in one embodiment, the 
route generator 805 for generating a best route from an origin 
to a destination in a transportation netWork described herein 
With reference to the preceding Figures can be stored on a 
computer readable medium or carrier (e. g., RAM, magnetic 
or optical drive or diskette, and the like). 

Thus, the present invention represents a signi?cant 
advancement in the ?eld of travel time estimation for trans 
portation netWorks. Embodiments of the present invention 
account for real-time tra?ic volumes on links of the transpor 
tation netWork, as Well as observed historical patterns on the 
links, to generate accurate predictions of future travel times 
on these same links. The method is able to dynamically adjust 
to changing traf?c patterns such that patterns that do not ?t the 
historical norm are considered When making predictions of 
future travel times. 

While foregoing is directed to the preferred embodiment of 
the present invention, other and further embodiments of the 
invention may be devised Without departing from the basic 
scope thereof, and the scope thereof is determined by the 
claims that folloW. 

The invention claimed is: 
1. A method for estimating a travel time over a link of a 

transportation netWork at a time in the future, the method 
comprising: 

receiving at least one data point indicating state-dependent 
data relating to said link at a given time; 

updating a template representative of non- state-dependent 
data relating said link in accordance With said at least 
one data point; and 

generating said estimated travel time for future travel over 
said link in accordance With said updated template. 

2. The method of claim 1, Wherein said state-dependent 
data re?ects a real-time volume of traf?c on said link. 

3. The method of claim 1, Wherein said state-dependent 
data comprises at least one of: a real-time load estimate for 
said link, real-time streaming tra?ic condition data for said 
link, a real-time environmental condition on said link, or 
real-time incident-data on said link. 

4. The method of claim 2, Wherein said state-dependent 
data is received from at least one of: a traf?c sensor, an 
induction loop, a video feed, a cellular telephone, or a Global 
Positioning System. 

5. The method of claim 1, Wherein said non-state-depen 
dent data re?ects a historical tra?ic pattern on said link. 

6. The method of claim 5, Wherein said non-state-depen 
dent data comprises at least one of: a statistical tra?ic pattern, 
a static origin-destination matrix, or a static map. 

7. The method of claim 1, Wherein said updating com 
prises: 

adjusting a future tra?ic volume estimated for said link by 
said template to re?ect said state-dependent data indi 
cated by said at least one data point. 
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8. The method of claim 7, Wherein said adjusting is made in 

accordance With a moving average. 
9. The method of claim 8, Wherein said moving average is 

an exponentially Weighted average. 
10. The method of claim 7, further comprising: 
generating a prediction indicative of a number of vehicles 

expected to be traveling on said link at said time in the 
future, said prediction being made in accordance With 
said adjusted estimated future traf?c volume. 

11. A computer readable medium containing an executable 
program for estimating a travel time over a link of a transpor 
tation netWork at a time in the future, Where the program 
performs the steps of: 

receiving at least one data point indicating state-dependent 
data relating to said link at a given time; 

updating a template representative of non-state-dependent 
data relating said link in accordance With said at least 
one data point; and 

generating said estimated travel time for future travel over 
said link in accordance With said updated template. 

12. The computer readable medium of claim 11, Wherein 
said state-dependent data re?ects a real -time volume of tra?ic 
on said link. 

13. The computer readable medium of claim 11, Wherein 
said state-dependent data comprises at least one of: a real 
time load estimate for said link, real-time streaming tra?ic 
condition data for said link, a real -time environmental condi 
tion on said link, or real-time incident-data on said link. 

14. The computer readable medium of claim 12, Wherein 
said state-dependent data is received from at least one of: a 
traf?c sensor, an induction loop, a video feed, a cellular tele 
phone, or a Global Positioning System. 

15. The computer readable medium of claim 11, Wherein 
said non-state-dependent data re?ects a historical traf?c pat 
tern on said link. 

16. The computer readable medium of claim 15, Wherein 
said non-state-dependent data comprises at least one of: a 
statistical tra?ic pattern, a static origin-destination matrix, or 
a static map. 

17. The computer readable medium of claim 11, Wherein 
said updating comprises: 

adjusting a future tra?ic volume estimated for said link by 
said template to re?ect said state-dependent data indi 
cated by said at least one data point. 

18. The computer readable medium of claim 17, further 
comprising: 

generating a prediction indicative of a number of vehicles 
expected to be traveling on said link at said time in the 
future, said prediction being made in accordance With 
said adjusted estimated future traf?c volume. 

19. Apparatus for estimating a travel time over a link of a 
transportation netWork at a time in the future, the apparatus 
comprising: 
means for receiving at least one data point indicating state 

dependent data relating to said link at a given time; 
means for updating a template representative of non-state 

dependent data relating said link in accordance With said 
at least one data point; and 

means for generating said estimated travel time for future 
travel over said link in accordance With said updated 
template. 

20. The apparatus of claim 19, Wherein the means for 
receiving is in communication With at least one of: a traf?c 
sensor, an induction loop, a video feed, a cellular telephone, 
or a Global Positioning System. 

* * * * * 


